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[As*] 

CVD «o^4 ALD ^ S-¥7> *fl-g-^ -fr^^ ^ u o v ^* 7flAltVcf. -fr^^ 

^ 1 -fr^ v A oH] 2 -B-^^-* ^ ^*Rr *)) 2 ^*H-& S^M}. 

^€ *)1 l -B-€^ 2 -8-^-8: ^7># ^^-§- °]-g-*lH *IMsl °m 

ofl ^«Jtb Zg^lg- ^ 7> 

£ 2 
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-fr^ ^ (APPARATUS AND METHOD FOR FORMING DIELECTRIC LAYERS} 

£ l£r #2fl^l -R-^ ^ M-e^-^ Ig^i. 

£ 2£r ^Ajoil lofl rr)-^- ^ ^.g. u(-e]-^ 

£3f ^ aJaHJ 2 ojl nf-E- -R-^ M-b}^ sg^H. 

51 5^7 ^2fl ^lS. ^€ ^ ^SflAlEiofl tfl*fl 1*13 ^A] ^ 

110,210 : *\) 1 120,220 : A] 2 ^ 

150 : 160 : ^ 

170 : 230 : *fl 3 
240 : *ll 4 
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(in-situ) «<H «V£^1 <H °H °fl -n-^* *9r*\ty, °1 °l-§- 

C^^r 3.711 ^>l4^ S^S^l^E^ S>U(-^ 7flsflAlEi5L ^rM^X}. 7 fl3flAlE^ 

°J4r ?B^A]E^ -ffiL*H, -B"^^ ^ -fr^^l -olcf. 

ZL^n, ^^S. ^7H1 4^ €^ 3.7)71- ^V^^r E^-^ A^o) 

7^51 ^-oV^ ^«Vofl o^ZL, o)^ o)f% 7 fl3iflAlE^ ^-Jl^^o] J7 olcf. # 

0.^^-0^ ^^ol ^iL*}tf. ^1, -H-^i^ ^ #3 #*IH 

-n-^^-* 1^}^ *£*£^S.^ sputter, MBE (Molecular Beam Epitaxy), 
CVDCChemical Vapor Deposi t ion: sj-^M^ -f^^), ALDCAtomic Layer Depositions*]-^ 

^i=f. ola^tr H o^# f^H, ^ ^<>1M -fr^* ^Jl -^tr 
5. ^ CVD ALD «o v ^°] Sl^. 
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1020030006513 <£t)-: 2003/3/3 

CVD U-^^r ^ -B-71 «£-§--§- (metal organic reactant)^] *fl 1 ^r-§-#4 
(oxidant)-?! *fl 2 aV-§-#* ^ fl^S ^«g«H, *fl 1 31 2 «]-§"§-#2l a 

£ t>-g-°fl -ft-^^ f^Kr ^°li=f. fr^, ALD 1 #-§-#4 *fl 2 

tt^SLS. ^3. ^<a*M, 1 £ XI 2 aV-g-ofl sl*>o} -ff 

*}n}-g- f^HsKr ^ojt}. CVD ^ w}^JL, 7} 5^7} (vapor i zer ) A>-g-ofl 

°l*fl ^ -B-71 a*3 ^^7> WlJE^ ^o] olotj, ^ ^tH^^]7> 

SE.tr ^ ^5L7> tilja^ ^c>o> *Vcf^ oicf. tr^, ALD ^ *t 

£7> ±^5L ^ ^7}<$2] ^4? -8-71 ^^C>n> s}^ ^TflS. ^ -fM «>-§- 

#3 ^7} oflo- ^Cf^ x^o] o J o. 1 4 ) t^o} ^ ^o]7l rcfl-g-ofl 

^7l^ ^ ^ O.S 7fl3flA]Ei<3} -fr^O.g. Si0 2 , Ta 2 0 5 , 

Hf0 2 , Zr0 2 , Ti0 2) Y 2 0 3 , Pr 2 0 3 , La 2 0 3 , Nb 2 0 5 , SrTiO 3 (ST0), BaSrTi0 3 (BST) , PbZrTi0 3 
(PZT) 9X^. tr^, ^^°11 3*r^, ^71 -fr^^M- f^H aJb»^ 

7fl3fl^Blo] -fr^O.S. Aj-g-*}^ T^O-a)} *fl A^ , Aj- 7 ] -fr*!^ f^H # Efl *g 2 
7fl "B^^l^ 3^*T HL^r ±*&£] ^4?o) -fr&^-gr 7fl3flAlEio) 

-B-^l^S ^>-§-*>^ ^^7>, 7fl3I|]AlEl^ -fr^ £ ^71^ SA^o] Dl ^ 

« i^^Jl ^cf. cfla^o] ofl^- Si0 2 /Si 3 N 4 /Si0 2> Ta 2 0 5 /Hf0 2> Ta 2 0 5 /Ti0 2> 

Al 2 0 3 /Ti0 2 , A1 2 0 3 /Hf0 2 %-o] ojcf. ^og^ ^nvo.^ Ti7 |. £J g^ A1 

<>1 £^§€ Hf0 2 , AM Zr0 2 f-°l o^cf. 
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^ ^ #*1^- tfl^^- ^fl^-S^iL ^2002-0052644^(^^^1 ^ : ^HjS. ? 

^£ 4* B m #*1H1 #°}^. #7l #*l^ ^ ^wl(10) ^$H1 

^^-¥-(20)^ ^t°f(30)2}- 1 agtH(40) *)1 2 ^(50)7} wfl*l£ ol^-^^l 
^. *H 1 ^UOHHtt ALD ^^os. siN-i- f^Ka, 2 ««K50)<*Hfe- ^a] ALD 

sio 2 « 

^1+, #71 ^ ^ ^|1^2 ^«1 (40,50)^1 

>H 2.^- ald #^6.s -R-^-a- ^*Hr H o v ^H4. nj-eH, ^ n^l^l *fl<H7> 
-g-oj^ji tiling ^51 *HM ^ ^*H1 ^ 7>^e>cf^ ^oi 

^l^, CVD Wl^fl ^£7V -SlZL ^-4=- -B-71 tiJftS] ^ ^^7]- nfl-f # 

cj.^ cj^o] oicf. ^jq-^ o.s, ALD ^fl-g-tb ^r-£^l ^lS *r-i-°l 

^1, #71 #*1^ ^ 1 *8»1(40)7} ^aV^ o-^ovol SiN^lJl, 2 

(50)7V #aj-*>^ -H-^^-ol Si0 2 S. tH^Ol ^^H, 7fl3flAlE^ o.^ovo £ 

Af-g-^ji oi^ -fr^, «fl-& -1"^ Ta 2 0 5 , Hf0 2> Ti0 2 sf -fr^el-g- f^Rr % 

[«V^ol Ol-J7 7> ^ 7l#^ ^1] 

#^sl *fl 1 CVD ALD a o^2l #3^-* ^fl-g-tV $# #*1 
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<2i> igxgo) ^ 2 Ta 2 0 5 , Hf0 2 , Ti0 2 2f £°1 ?fl ^ *1 3 -§- A>-g-i)ji 

1 -fr*!^ ^Hl *fl 2 -ft-^-i- *&±\SL£. I^sfe ^ 2 

<24> i^S] ^ 3 jjL^o. ^^ 7 ] <^}^ ( ^6\] ^ f§ J$ Cf-g- 

«>tfl3. f *fl 1 -R-^* ^7># f^giLS * , 2 -R-#^-§; s^l^a^o. 

<25> ^-7]^ ol^o] -H-^nV^. ^7)^3.^ 

^0.5. 5}-«|-7l^-#^^ 6.5. HBf^ Al^V ^ofl ^ 1 ^-^nV Aj-ofl ^ 

2 °l-g-*lH ^)ol3] Aj-o} cgo^j ^^Ai ^o^^J. 

^7} 3Xn ^4. £ -R-^* 2.%f>}±t ^ 71] olE( gate ) ^ S 
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<26> o]*>, -a- ^g] ^)d\)o\] rcf^. -fH&n}- %q ^ « 0 V^-g- 5L^-£r % 

<27> -*MH1 1 

<28> £ 2fe f l°il 4€- -fr*L^ ^ M-BfvH 

< 29 > £ 21- t^S, -*H°fl H -R-^ v ^ ^1(100)^- ^^^^ 

^^•^ ^ A J-a- ^ ^ ^«Kl70)» i^-^cf . 5.= ^- ^*Kl50)2f *\) 1 ^ 2 ^ 
(110,120) ^ ^ (160)7} til^ ^^(170)^ *fl 1 xJi\7] z\] 4 ^^<^1 AlTflHH^ 

<30> SJE.^ ^(150)^ ^tH(170Hl 1 ^(110)2}- 

2 ^*H120HH ®}°)*\ ^°fl ^ -ft-^ol ^ 

*Vcf. *«tH(160)^7 ^i*1(170)^| *)H*Kr <*^g- ttcf. 

<3i> ^1 i *fltfKllO)fe $flo]sj ^o\] CVD ^£5 1 -^^ev^r #a>s>^ ^ ^t^o] 

4. 2 ^a](120)^ 1 ^ 0 H1 ALD v^O-S. 2 -ff^^r f^SRr ^ ^ 

tt^ojcf. i ^ >fl 2 ^tH(110,120HH^ ^ofl^ 70(TC ^£7>*1 -£-£7} z\l°]s\jL t 
££tV 1>10" 6 torr<HH #«y-*}*l *lH€tK 

<32> ^, £ ^-rg^ ^afl iofl rrfs. -o^ni- ^1(100)^ cfs- 2 

7fl^ ^^(110,120)5. ol^.^^]cf . ix)-^, ^ i -B-^oV^. CVD 0 o v ^^5- 
1 -fr^n-i: a]^ iflofl ^4*^- ^ ojcf^ ^o] o^cf. o]^^, *fl 2 -fr^^- 1 

-B-^^- ^Hl ALD *&*$SL3. f^££, 2 ^a}- ^o] 7 \ ^-o)s\jl 

M]M^ ^ ^*H1 ^ -^13. ^V^- &>7fl 
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<33> ^Mg, afl i 110)^1^ CVD ^ii Xl 1 Si0 2 , 

Si 3 N 4> Ta 2 0 5 , Hf0 2 , Zr0 2 , Ti0 2l Y 2 0 3 , Pr 2 0 3> La 2 0 3 , Nb 2 0 5> SrTi0 3 (ST0), BaSrTi0 3 
(BSD, PbZrTi0 3 (PZT) 91^-. Xl 2 ^tH(120Hl*l ALD ^.2-5. f^s)^ XI 2 

Si0 2 , Si 3 N 4 , A1 2 0 3 , Ta 2 0 5 , Hf0 2) Zr0 2 , Ti0 2 , Y 2 0 3 , Pr 2 0 3) La 2 0 3 , Nb 2 0 5 , 
SrTi0 3 (ST0), BaSrTi0 3 (BST) , PbZrTi0 3 (PZT) 

<34> #7] ofloflAi, XI 2 -fr3l4^ 7fl^i^ XI 1 -R-^^ X^-g. £M^X 

Al 2 0 3 7> ^7}s}cf. ^, XI l ^3.3- 7fl ^ CVD ^olij ALD ^ 

^ srVM-sl o.s. 7>^^M^r, A 1203^ ALD U ^±S # 

aj-^Kr ^ol a. ^Tgoj)^ iL^t}-. ^sfloflfe, A1 2 0 3 # CVD ^ #^>5^7l 

&n3- *3 (curing)^ ^ ^7} &%o] ^5)^4. us) 4, £ t^H^r 

A1 2 0 3 # ALD ^-^-S. u]^- f^zj- Al^ CVD ^ iL^Hr ^^^1^1^, 

#°1 3X1 ^Sl^L S*l ^ #Efl7> °>^£H ^7V ^ja.*>^l &X1 ^4- 

A1 2 0 3 » ALD f^Hr 3H1 £l*U #3" *1#°1 ^-<X4£r #X1 ^ 

CVD IHI-S-S. iL^l ^4. 

<35> s.q. t $]o)v\ #ofl A1 2 0 3 # f^SRr ^eflsl CVD «o v ^^ Xl-f *j7l<SMH ^ 

^3^, ^r£°fl ^ *IM=1 ^ ^(cristalline quality), K^. ^ nfl (surface 
morphology), (unir formi ty) ^ -rr^ (dielectr icity) -f^l 'S^'Ml ift-g-lih}. 

§<H, ^ 1000'CSl JI^Ia-1 *1^ A1 2 0 3 °^tb *)1 °1 si ^ ^-^-i: 

«£, S3 ^Efl, ^ -fr3H3<M 1^ J^S* #fe4. *r*l , &, £ ^ofl 4sf 

Al 
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1020030006513 Aa3 o1 , nnnntnln 

^7}: 2003/3/3 

4. o) % + A1 2 0 3 "-M: ^^o_jl*| 7 flAj^ - 

^Hl loflA^ x| x ^tH(no)7f CVD ^aio^ ^ ^^olji, X) 2 ^ 
(120)fc ALD *Msi\ ^^o.^, tiVcfl 7 > £ ^£ ^14. a x] ! ^ 

(110)71- ALD *q o.s ^ 1 ^d^# f^JI, XI 2 *«1(120)7> CVD ^ o.iiL xl 2 o_ 

tft>. ^-71^ tf* ^o] A1 2 0 3 ^ 4 1 ^(llOHl 

<37> ^AHl 2 

<38> JE 3 ^ -g- ^ AHl ^ tg^ ig^ojtj.. 

<39> £ 3 ^ % v^ S( ^ ^ AH 2o)l 4€ . ^ ^(200)^ 4*2^84 

<8*8: ^ *«1(270)» 27flo] Si =^ 3 ^ W(2SOi 260) 

4 1 *fl*l 4 4 (210,220, 230,240)7} *Hr ^(270)^ tfl a^ofl a]^^^ n} 

<40> ^ ^a]c^1 id] 4# o.^ ^ ^(ioo)fe 27fl^ ^ **H(110.120)* 

(210,220,230,240)# ^^cf. 

*H 1 ^(210)^ A1 2 0 3 # ALD #3 o.s I^U, xl 2 *iH(220)te Ta 2 

° 51 " CVD 3 *«K230)fc Hf0 2 » CVD f^os. # 

Wfe flaM*. xl 4 ^(240)^ Ti0 2 # ALD ^ o.5L ^0)4. ^ 

ol. 2d! 4- <^ ^ ^,(200)- ALD Xl 1 ^ Xl 4 ^(210,230) 
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2003/3/3 



<42> 



<43> 



<44> 



27flS!f CVD IHJSJ *)1 2 ^ 3 (220,230) 27fll- #^nf. tb^, ^<^H^ 

^*1 (210, 220, 230, 240 HI *1 f^S^ -^-^^^ 7fl^|- t^*}3°.<~h <fe*l ^?1£ *fl 
^S.^ ^3*1 4^, w>^- ^°1 _ A1 2 0 3 ^ ^=^1 ALD 

^7l^ ( -fr^* ^l!" ofl, 47fl<5] ^ttl (210,220,230,240) 3.^-7} 

-n-^i^ fHT°fl 4^, ALD *l) 1 ^^(210)2f 4 ^^(240) f^H o]± ^ 

2) CVD 1H}o] *)1 2 ^aK220)5f 3 ^(230) ^<HH ^-ufo) ^^ 7 > ^ 

^^4. 21 th ^A^j lofl^ ti}<4 ^ol, aJu]^ 2 7fl<^ %n]2) ^1*V 

^ ^(270)1- ¥^*H, ^ 37fl^l ALD 

^ 37flal CVD ^S. ^S. ^o]cf. & f ^ ^ I^Hir *fl 

^3*1 &:n, cf^ ^MSL ALD ^tH^- CVD ^ *fl*H %o] 



^1^ ^^1 ^ #3" ^l^l ^-g- ti^H U^i^t}. 

1] 



<46> 





. 


| 


4 U J"^ | 




ALD 


ALD 


CVD 


ALD fMsj 




1 


*fl 2 


*]] 1 fluj 


*fl 2 ^tH 




Ta 2 0 5 


Ti0 2 


Ta 2 0 5 


Ti0 2 
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<47> ^"71 ^ U4 Qo), ^Efl 7l^ofl 4^ ^ 1 ^ Tfl 2 fl»H S-X-l- ALD 

^^v}^. l^ofl 1 CVD ^3., *U 2 *»tH^r ALD 

^is. Ta 2 0 5 /Ti0 2 S. <=»1^^^1 ^ ^-^^ ^ 

<48> i. ^a}- ^ofl 

<49> (l) ^£fl 71^ 

<50> ^7-1, ^2fl ol-g-^V -f}-^*)- cf-g-o^ ^ ol^^^cf. «Q 

^ 5 J ^ *d^°J #2^*3^ ^£^-g- ^7^7171 ^*fl, o] 

-S- 750 T^H 603. ^-91 #e]^e)^ofl £^§*l-^cf. o]o]a^ , #5^^e]^oll cflsfl 
RTNCRapid Thermal Ni tridat ion) 750°C°lH 180^ ^A]^cf. RTN^r ^V^- 

<5i> cf^-, #oj| Ta 2 0 5 » ^^#^1 4A/^-<y ALD ^<LS. 350°C<^1 

20A^ Jf-v])3_ ^v^t}. olnfl, Ta (c 2 H 5 0) 5 l- ^4- o 3 # 
Ar^. Ta(C 2 H 5 0) 5 Sr 0 3 1- ^ ^^l^r^cf. Ta(C 2 H 5 0) 5 ^ ^ Purged ^"3- 

^ purge til #311- *V cycled €*Hfr cycle* ^ ^W^i}. olo^, 

Ta 2 0 5 ^l nfl^ UV-O3 ^* 700 t^H 120^ ^<?> Ta 2 0 5 # 



23-13 



1020030006513 #^ Q*}- 2003/3/3 

<52> cf-g-, ALD ti o v ^^-5. #2}-^ Ta 2 0 5 ^Hl Ti0 2 » ALD y o v ^^-S. 350 °C°lH 100 A 

^ Ti0 2 ^ Ti(C 3 H70) 4 » ^ iiS, 0 3 » ^s^lS. 

ol-g-^V^ji, ArS. Ti (C 3 H 7 0) 4 2}- 0 3 » *\*}*\<&^. Ti(C 3 H70) 4 ^ ^ ^ Purge, 0 3 ^ 

^ % purge 2) Ml #31* tr cycled ^*Rr ^^1)^ eye lei- ^ *13)*}-£cf. 

<53> o1o]a^ Ta 2 05/Ti02^ i^fl^fi 0 2 l^sll- 600°C°fl^ 30£-# ^^H, Ta 2 0 5 /Ti0 2 ^ 

<54> p>^^-o.S, RuC^-Bfl-B-)* Ta 2 0 5 /Ti0 2 CVD u 0 v ^^-5- 300A ^1 

5. ^, 7fl^r*lH PVD «o v ^^-S 300A ^v\)S. =§^>&cf. 

<55> (2) ^ 

<56> tr^, ^ofl ^lS. -fr^l^M- #^Kr Cr^-^f ^ ^iS. 

^tr 4- ^*>$m. 11=1 cr^-, ^ *d^°J #3^3^ ^71 *U£^* ^7> 
^1^171 ^Sfl, °Ji: 750°C<>1H 60^ #21^^^^ 51^*)-^. ^l^i, 

°fl tflsfl RTNCRapid Thermal Nitridation) ^^8: 750°C°U1 1802: ^ ^1*}^. RTN 

<57> ZlHi cf-g-, ^Ml Ta 2 0 5 » 43A/^-°J CVD ^*U<L3- 460°C°1H 

20A^ ^3. ^^}<%v}. oH, Ta(C 2 H 5 0) 5 l- ^ 4ii5L, 0 3 » #^*\]S. °]-§r*}<%^. 
^7}*\, CVD y o V ^^ ^3-§-£- 43 A /-&<>] tiV^ofl ALD U^sl 4A/fo|a^, CVD 
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w o v ^°fl m± -fHi^ ^ ALD « 0 Vl ?H «l*fl>M lOHfl t^cf. o]o)*\ t Ta 2 0 5 °1) 

tfl*fl UV-0 3 "E-^'Sc 700r°fl^ 120^ -^°V Ta 2 0 5 l- ^^1^4. 

<58> zLfl cf-g-, CVD Ta 2 0 5 -ibHl Ti0 2 l- ALD 350°C<i^ 100 A 

2] #^].^cf. olnfl, Ti0 2 2l ^aj-^ Ti(C 3 H70) 4 » ^ ^3., 0 3 # 

ol-g-SfrSjU, ArS. Ti(C 3 H 7 0) 4 ^- 03* ^3" ^^l*>5i^. Ti(C 3 H 7 0) 4 ^ ^ Purge, 0 3 ^ 

£ purge ^ til tr cycled. ^Rr ^f-*fl cycle* ^ ^l^^V^cf. 

<59> °}o]*], Ta 2 0 5 /Ti0 2 ofl cfl«n 0 2 €^elS 600°C<HH 30^-^r ^lsM, Ta 2 0 5 /Ti0 2 ^l 

<eo> pH^jLS, ^ #q-<y Ru(-f-Efl^-)l- Ta 2 0 5 /Ti0 2 #<H1 CVD « 0 V ^^-S 300A ^1 

3. ^2f*V if, Tfl^SlH PVD ^ 300A ^MIS. ^aj-^^cf. 
<6i> 2. wlJE^l 

<62> ^-7)^ ^ o. ^ ffl^AlE^l-Ti^ ^71^ S}-^ 

^^*>^4. £ 4^ ^Efl «T^€ ^^tM^Sf £ ^ S <g.^ 7fl2flAlEi 

i=r. °M, ?fl2fl^l^^ 20.2fF/^ -g-^^V 7U3)]a]e^-^ f>}$iJL, 5. 4°\)*\ ^ 

<d <D°) #sfl #*l3 -fr*i^ ^ ^ ^olojji, ^Aj 0 7> £ 
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3flA]E^ g. #>8€ flM*}m}<% ¥^#fi- n^M-, 

^ (D°l M-eHJtt ¥-i ©7> M-bH^ ¥^ 

^€ -fr^^T ^¥ 7fl3flAlE^Cf ^71^ JH^l D fl¥ l^^l^r ?H og^o^ s 

€- *1?J: ^7^ o->^saii. 

<65> ^g, Z]- ?fl3flAlE^ 2^Z\°\ ^ ^-Bfll- ^- ^^Tfl & ^ , ^ ^^5] ^ 

^^i- ^*>5a^. ^ ^sii^E^i ^7i *hh 4oo°c^i^ i^sm *H 

tV ^, Zj- 7fl3XflA]E^ ^ , d H f ^^*V ^^ 7 > 51 5^ 5L+}S)o] olcf. 

<66> £ 50^ *Mf-°H, *Bfl ^lS. ^€ 

-fr^o] ^ojolJi, ^Aj © 7 > £ ^}g_ -H-^l^ ^ 

S^E^H^ ^ol^ 7)9] £$4. ^, ^ofl 7fl3TflAlE^ ^Sfl 7l # 

?fl2fl^E.^ S.^ ^ol^ 7i^ 

Aj- nu>2 5LS, ^^tb ^71^ JH3-g- ^ -e-^^-ir ^aflii^- sum ^ofl ^ 
7f 9X^ %°} <S^9X^. 
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<68> w>sq- ^-ol ^ ^ofl 142^, Jf- -H-^sv* CVD ALD «o v ^ z}-^ 

ol-g-sfl^ ^-^711 CVD ALD y o v ^ ^^-ir ^r^°fl ^ # 

*1 §1 «J-^ol S-^f- #7\) ^, CVD ^SLS. M}^ i£S ^7} 

"o^°fl ^*fl ^"^^ #3" ^ #H ^7> olTfl ^Cf. 

<70> ^HH^ £ «^o} ti >^tV ^Al^cH] ttj-S. -f^nV ^ a] ^ 
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1] 

^7># ^ v ^^-S. all 2 -B-^i^ # *}^r all 2 5L^Rr -fr^ 

#*1. 

2] 

*fl l *<H1 Si^i, aJ-*J-7l#^*h si-q-^ ail 3 g 

^7># 3^51 ^M-^ ^ 4 c] S^Hr *Kr 

-fr^W W #*1. 

[^n 1 * 3] 

*fl 1 ^^i, *fl 1 ^fl*l *H 4 *^-g- #J1, #71 all 1 3? all 2 ^°fl #7l 

ail 1 ^ ail 2 ^*H; 

#7l a}^ ^alal all 3 #^°ll S-EL^" ^ 

#71 tiV^ ^ulo] ^j] 4 ^ofl o^sj i^zj- ^h1# 5L^Rr 3# m^SLg. 
-B-^ v ^# #*1. 
4] 

*fl 1 *oHl 9X°]*\, #71 all 1 Hf02°lul, #71 all 2 -B^s^S: A1 2 0 3 <?] $ 
5] 

$11 #ofl ^ 1 -fr^nj-g. 3^71 ##aj- « 0 >^o.5. ^#*Hr 3vfl; * 
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6] 

5 %H1 -*7l *fl 1 -H-^^ Si0 2 , Si 3 N 4> Ta 2 0 5 , Hf0 2 , Zr0 2 , Ti0 2 , 

Y 2 0 3 , Pr 2 0 3 , La 2 0 3 , Nb 2 0 5> SrTi0 3 (ST0), BaSrTi0 3 (BST) , PbZrTi0 3 (PZT)S. 

[^T 1 * 7] 

*fl 5 %H1 -*7l *fl 2 -fr^^r Si0 2 , Si 3 N 4 , A1 2 0 3> Ta 2 0 5 , Hf0 2 , Zr0 2 , 

Ti0 2 , Y 2 0 3 , Pr 2 0 3 , La 2 0 3 , Nb 2 0 5 , SrTi0 3 (ST0), BaSrTi0 3 (BST) , PbZrTi0 3 (PZT)S. ^€ 

[3^* 8] 

5 * 0 H] 5a°H, ^"71 1 HfO^lJL, #7l *j| 2 ^^£7 A1 2 0 3 ^] 3 

9] 

^-71 1 -8-^ ^ 2 -R-^ v -8: sM^l^*}- #*1 #« i 
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10] 

*fl 9 iHl ^7] 1 Si0 2 , Si 3 N 4 , A1 2 0 3> Ta 2 0 5 , Hf0 2 , Zr0 2> 

Ti0 2> Y 2 0 3l Pr 2 0 3 , La 2 0 3 , Nb 2 0 5 , SrTi0 3 (ST0), BaSrTi0 3 (BST) , PbZrTi0 3 (PZT)S ^€ 

111 

9 Sa^i, *fl 2 -a-^i^ Si0 2> Si 3 N 4> Ta 2 0 5) Hf0 2 , Zr0 2 , Ti0 2 , 

Y 2 0 3 , Pr 2 0 3 , La 2 0 3 , Nb 2 0 5 . SrTi0 3 (ST0), BaSrTi0 3 (BST) , PbZrTi0 3 (PZT)S ^€ ^1" 

12] 

^ 9 *<H1 ^-71 *]] 1 -fj-^Kg: Al 2 0 3 °l51, ^-71 ^1 2 -fr^^r Hf0 2 <?] ?A 
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